Background
==========

Although health sectors in PR China actively provide grassroots maternal health services \[[@b1-medscimonit-25-4430]\], a mother with low nutrition status is one of the key determinants of poor pregnancy outcomes and is responsible for morbidity and mortality of mothers and their children in rural and urban areas of PR China \[[@b2-medscimonit-25-4430]\]. As per the National Nutrition Survey of the Chinese National Nutrition and Health Surveillance, poor pregnancy outcomes are the most common in PR China where the low nutritional status of mothers and children plays an important role in increasing the prevalence of poor outcomes \[[@b3-medscimonit-25-4430]\]. The importance of maternal nutritional in the Chengdu region of China has been well studied and it was found that maternal nutritional played an important role in improving the health of mothers and their children and offers healthy growth in newborn infants \[[@b2-medscimonit-25-4430]\]. Therefore, the role of maternal nutrient in the development of pregnancy in expectant mothers and their children in other regions of PR China cannot be neglected. Also, maternal nutritional intervention is a cost-effective approach to improve the health of mothers and their children in PR China \[[@b4-medscimonit-25-4430]\].

Generally, the financial circumstances of families play an important role in predicting the nutritional status of the families, including their children's health status. Thus, the increased financial status of women can help provide spending money toward the ideal nutritional requirement of their families including their children \[[@b3-medscimonit-25-4430]\]. Therefore, the employment of women can improve the health of their children as well as their own health. It has been seen that the unemployment status of women results in the poor health of children as well as their mothers in the northwestern rural region of the PR China \[[@b5-medscimonit-25-4430]\].

In addition to the financial condition of women in the Qinghai and Gansu provinces of PR China, the role of education targeted to mothers on the importance of nutrition has also been shown to be helpful in improving the health of women and their children \[[@b5-medscimonit-25-4430]\]. Poor pregnancy outcomes are the most common in the Guangzhou region of China and the role of maternal nutrition in the improvement of health outcomes for mothers and their children in the Guangzhou region of China has not been evaluated specifically in Chinese pregnant women.

The objective of the study was to evaluate the role of maternal nutrition in the improvement of health outcomes for mothers and their children in the Guangzhou region of China.

Material and Methods
====================

Ethical consideration and consent to participate
------------------------------------------------

The protocol (2016A020215054/CL/11/18 dated November 14, 2018) was approved by the First Affiliated Hospital of Sun Yat-sen University review board. Each participating woman, who had data included in this study was contacted and written informed consent was provided regarding publication of the study data in all formats (hard and/or electronic) irrespective of time and language. The study adhered to the law of China, the 2008 Declaration of Helsinki (Chinese version), and the STROBE (strengthening the reporting of observational studies in epidemiology) statement.

Inclusion criteria
------------------

Mothers who had children 5 days to 18 months of age and who provided consent to participate were included in this study.

Exclusion criteria
------------------

Mothers who had children younger than 5 days old and older than 18 months of age were excluded from the study. Health outcomes of babies younger than 5 days old were not considered appropriate for the evaluation of the effects of maternal education, maternal financial status, and maternal salaries. Health outcomes of babies older than 18 months of age were not considered appropriate for the evaluate of the effects of maternal nutrition and maternal age. In addition, mothers who did not provided consent to participate were excluded from the study.

Data collections regarding questionnaires
-----------------------------------------

The pregnancy medical records of women included in the study were reviewed. At the time of admission, a questionnaire had been provided to each enrolled patient to gather data related to nutritional consumption, demographic characteristics, and health outcomes of the mothers and their children (after delivery). The assigned questionnaires collected data regarding age, height, weight, other demographic variables, clinical characteristic, years of education, income (annually), smoking status, body mass index (BMI), the occurrence of nutritional consumption, the type of dietary supplements, daily intake of calories, protein, fat, fiber, carbohydrates, total intake of macro- and micro-nutrients, the intake of specific food items such as milk, probiotics foods, vegetables, meat/fish, fruits, juice per day, and if the women had started any specific food during their pregnancy or not. The total amount of nutrient taken by each woman was calculated using the FoodCalc assessment tool \[[@b5-medscimonit-25-4430]\]. The provided questionnaire was studied by the specialist investigators of the First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China. The questionnaires, which were provided to each enrolled patient, were validated by the First Affiliated Hospital of Sun Yat-sen University, Guangzhou, China. The mothers and their children with good health outcomes were defined as live birth of a singleton neonate born at term of 37 weeks or more, completed gestation weeks infant weight of 2.5 kg or more, without any birth defects, and with minimal post-pregnancy complications \[[@b6-medscimonit-25-4430]\] and the mothers and their children with poor health outcomes were defined as miscarriages and post pregnancy complications, or premature birth with birth weight less than 2.5 kg \[[@b7-medscimonit-25-4430]\].

Statistical analysis
--------------------

Correlations of health outcomes with maternal nutrition were done using Pearson's correlation/regression models respect to Z-scores \[[@b5-medscimonit-25-4430]\]. The Mann-Whitney U test was used for continuous variables and the Fisher's exact test \[[@b8-medscimonit-25-4430]\] was performed for constant variables. All the tests were 2-sided. Data were examined using GraphPad Prism version 8.0.2 (263), GraphPad Software, San Diego CA, USA. The results were considered significant at 95% confidence level.

Results
=======

Maternal social, demographic, economic, and household characteristics
---------------------------------------------------------------------

In this study, pregnancy records of a total of 461 women admitted to the First Affiliated Hospital of Sun Yat-sen University, China and the referring hospitals of Guangzhou region of China from January 1, 2014 to November 13, 2018 were reviewed. Among these, 21 mothers had children younger than 5 days old and 240 women had children older than 18-months of age. Therefore, data of these women were excluded from the study. In the study, medical records of 200 women regarding demographical characters and nutritional consumptions were analyzed ([Figure 1](#f1-medscimonit-25-4430){ref-type="fig"}). Based on the health outcomes of mothers and their children, the study divided the 200 women into 2 groups. The first group was mothers and their children with good health outcomes (the GHO group, n=130; 65%) and the second group was mothers and their children with poor health outcomes (the PHO group, n=70; 35%; [Figure 2](#f2-medscimonit-25-4430){ref-type="fig"}).

In the PHO group, maternal age was higher (*P*\<0.0001), maternal body mass index (BMI) before pregnancy was lower as compared to the GHO group (*P*=0.012). Moreover, the level of education (in years) was fewer in the PHO group when compared to the GHO group (*P*\<0.0001). In the GHO group, a smaller number of women had a history of nausea and vomiting than those in the PHO group. Furthermore, the economic status of women in the GHO group was found to be better as compared to women in the PHO group (*P*=0.015). Also, the number of women who were active smokers was lower in the GHO group compared to the PHO group (15% versus 21%). In the GHO group, most of the women were living with their husbands (*P*=0.038) and more women had a male baby (*P*=0.033). The other maternal social, demographic, and household characteristics of both groups are reported in [Table 1](#t1-medscimonit-25-4430){ref-type="table"}.

Comparison of maternal nutrition
--------------------------------

In the GHO group, the calorie intake was greater compared to the PHO group (79% versus 33%, *P*\<0.0001). A similar trend was observed when comparing the levels of macro- and micro-nutrient intake in the GHO group. Also, the study found that the levels of vitamin intake was greater in women in the GHO group compared to women in the PHO group. A similar trend was noted for other nutritional factors including a fiber-rich diet (*P*\<0.0001). The intake of fat was found to be higher in women in the GHO group as compared to women in the PHO group (88% versus 11%, *P*\<0.0001). In our study, good health outcomes were noted in women who consumed protein rich diets such as those diets that included milk, non-vegetable protein, eggs, fish, and meat as compared to mothers who consumed less protein in their diet (65% versus 23%, *P*\<0.0001, [Table 2](#t2-medscimonit-25-4430){ref-type="table"}). Also, good health outcomes were noted in women who consumed milk products (78% versus 13%, *P*\<0.0001), probiotic-rich diets and non-vegetarian foods (90% versus 19%, *P*\<0.0001), vegetables rich diets with macro- and micro-nutrient and fresh fruits (68% versus 27%, *P*\<0.0001), and juice (79% versus 13%, *P*\<0.0001) daily as compared to mothers who consumed these foods less often ([Table 3](#t3-medscimonit-25-4430){ref-type="table"}).

Factors predicting the health outcomes for mothers and their children
---------------------------------------------------------------------

This study also assessed the factors predicting health outcomes for mothers and their children using correlation coefficients. Results showed a positive correlation between the financial status of the mother (salaried, *P*\<0.001), maternal BMI (*P*=0.001), maternal nutrition (*P*\<0.001), maternal education (in years, *P*\<0.001), maternal age (*P*=0.004) with health outcomes of mothers and their children ([Table 4](#t4-medscimonit-25-4430){ref-type="table"}).

Discussion
==========

In this study, the importance of maternal nutrition was the focus, and we found that maternal nutrition played an important role in improving the health of mothers and their children and also offered healthy growth of newborn infants. There is an urgent need to treat severe acute malnutrition because several deaths have been associated with it in PR China \[[@b9-medscimonit-25-4430],[@b10-medscimonit-25-4430]\]. In consideration of the results of this study, maternal nutrient plays an important role in the development of the child and should not be neglected in the Guangzhou region of PR China.

This study suggested that the financial status of the mother (salaried) and the educational status (in years) were key determinants of predicting health outcomes for mothers and their children. The results of this study were in line with another available study \[[@b3-medscimonit-25-4430]\]. Employed, educated, and salaried mothers have an important role to play in the healthy development of children in China \[[@b11-medscimonit-25-4430]\]. The results of our study suggested that women who are educated and employed can contribute to improved development and growth of newborn infants.

This study found that older mothers had good health outcomes for their children (*P*=0.004). These results were not in line with the hypothesis that advanced maternal age of Chinese women could be a risk factor for poor health outcomes for their children that was part of an earlier study (from June 2015 to June 2017) in the Liaocheng region of the PR China \[[@b12-medscimonit-25-4430]\] and another study in the Kunming Shi region of PR China that suggested that advance aged women had poorer perinatal outcomes \[[@b13-medscimonit-25-4430]\], but our findings were in line with the hypothesis that maternal age is an independent factor for adverse perinatal outcomes stated in a study performed in the Changsha region of PR China \[[@b8-medscimonit-25-4430]\]. Studies have suggested that maternal and children's health outcomes could be good if Chinese parents waited to have a child for a few years \[[@b14-medscimonit-25-4430]\] and if a child is born to the age group of 20- to 30-year-old Chinese women \[[@b15-medscimonit-25-4430]\]. The results of our study were in line with an available study by Yang et al. \[[@b9-medscimonit-25-4430]\]. With respect to the results of our study, somewhat mature (age in the mid to late 20s) Chinese women can provide better health outcomes for themselves with their children than younger Chinese women.

This study reported that maternal BMI had an adverse effects on maternal health outcomes and their children (*P*=0.001). In another study, greater maternal BMI and waist circumference were associated with a higher risk of adverse pregnancy outcomes in Chinese women \[[@b16-medscimonit-25-4430]\]. The results of our study were in line with the available study by Dong and Yin \[[@b3-medscimonit-25-4430]\]. In addition, Tang et al. found that gestational weight gain had an effect on the outcomes of pregnancies and infants in PR China \[[@b2-medscimonit-25-4430]\]. That study recommended a balanced diet to Chinese women for their better health outcomes with their children.

There were several limitations to our study, for example, the study was designed as a pilot study with a small sample size and was conducted in a single Guangzhou region in China. Therefore, the present findings cannot be generalized to the overall Chinese population. The maternal height \[[@b5-medscimonit-25-4430]\], paternal guardianship, and parental reporting of illness also has an effect on the health outcomes on mothers and their children. However, this study did not evaluate these factors. A small number of women were enrolled in this study. Maternal death or child death were not discussed.

Conclusions
===========

The results of this retrospective study showed that the financial status of the mother, maternal age, maternal nutrition, and maternal education were key determinants of predicting health outcomes of mothers and their children in the Guangzhou region of PR China. The study authors thus advise Chinese parents to wait to have a child for a few years for better health outcomes for the mother and child. This study might serve as a basis for conducting large multi-center and multi-country clinical studies to assess the association between maternal nutrition with health outcomes for mothers and their children.
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###### 

Social, demographic, economic, and household parameters of enrolled women.

  Variables                                                                       Group                                                            Comparison between groups                                                                      
  ------------------------------------------------------------------------------- ---------------------------------------------------------------- --------------------------- ------------------------------------------------------------------ ------------------------------------------------------------------
  Numbers of women enrolled (sample size; n)                                      130                                                              70                          *p*-Value                                                          
  Age (year)                                                                      ≤18                                                              13 (10)                     4 (6)                                                              \<0.0001[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  19--34                                                                          77 (59)                                                          63 (90)                                                                                        
  ≥35                                                                             40 (31)                                                          3 (4)                                                                                          
  Mean ±SD                                                                        31.21±1.21                                                       28.01±4.31                                                                                     
  Weight (kg)                                                                     Before pregnancy                                                 64.01±2.11                  51.02±1.61                                                         \<0.0001[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  After pregnancy                                                                 62.02±1.31                                                       50.01±1.71                  \<0.0001[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}   
  Body mass index before pregnancy                                                [\*](#tfn2-medscimonit-25-4430){ref-type="table-fn"}Overweight   40 (31)                     35 (50)                                                            0.012[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  Non-overweigh                                                                   90 (70)                                                          35 (50)                                                                                        
  Smoking                                                                         Cigarette smoker                                                 25 (19)                     15 (21)                                                            0.853
  Not smoking at all                                                              105 (81)                                                         55 (79)                                                                                        
  Education (years)                                                               \>8                                                              40 (31)                     27 (39)                                                            \<0.0001[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  9--15                                                                           25 (19)                                                          35 (50)                                                                                        
  ≥16                                                                             65 (50)                                                          8 (11)                                                                                         
  Former pregnancy (if any)                                                       Yes                                                              74 (57)                     35 (50)                                                            0.43
  No                                                                              56 (43)                                                          35 (50)                                                                                        
  Former miscarriages                                                             Yes                                                              24 (18)                     17 (24)                                                            0.429
  No                                                                              106 (82)                                                         53 (76)                                                                                        
  Occupation                                                                      Regular wage earner                                              5 (4)                       1 (1)                                                              0.015[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  Casual wage earner                                                              12 (9)                                                           2 (3)                                                                                          
  Business or trade owner                                                         7 (5)                                                            1 (1)                                                                                          
  Domestic worker                                                                 23 (18)                                                          5 (8)                                                                                          
  Unemployed                                                                      83 (64)                                                          61 (87)                                                                                        
  Monthly income (≤8,000[\*\*](#tfn3-medscimonit-25-4430){ref-type="table-fn"})                                                                    23 (18)                     2 (3)                                                              0.007[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  Marital status                                                                  Married                                                          117 (90)                    61 (87)                                                            0.038[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  Divorced                                                                        13 (10)                                                          9 (13)                                                                                         
  Ethnicity                                                                       Han Chinese                                                      115                         61                                                                 0.994
  Tibetan                                                                         2                                                                1                                                                                              
  Mongolian                                                                       11                                                               5                                                                                              
  Chinese American                                                                2                                                                1                                                                                              
  Geographical areas                                                              Urban                                                            110 (85)                    51 (73)                                                            0.061
  Rural                                                                           20 (15)                                                          19 (27)                                                                                        
  Children's gender                                                               Male                                                             89 (68)                     37 (53)                                                            0.033[\*\*\*](#tfn4-medscimonit-25-4430){ref-type="table-fn"}
  Female                                                                          41 (32)                                                          33 (47)                                                                                        
  Nature of delivery                                                              Caesarian                                                        11 (8)                      11 (16)                                                            0.155
  Normal delivery                                                                 119 (92)                                                         59 (84)                                                                                        

Continuous variables are represented as mean ±SD and constant data are represented as number (percentage). The Fisher's exact test is performed for constant data and the Mean-Whitney U test is performed for continuous variables as statistical analysis. A *p*\<0.05 is considered as significant.

25--29 kg/m^2^;

Average monthly income of Chinese citizen in Guangzhou region of PR China;

Significant different factor.

###### 

Comparison of maternal nutrition between groups.

  Variables                                    Group      Comparison between groups   
  -------------------------------------------- ---------- --------------------------- -----------
  Numbers of women enrolled (sample size; n)   130        70                          *p*-Value
  High calorie diet source                     103 (79)   23 (33)                     \<0.0001
  Carbohydrates rich diet                      90 (69)    15 (21)                     \<0.0001
  Protein rich diet                            85 (65)    16 (23)                     \<0.0001
  Fibers rich diet                             103 (79)   22 (31)                     \<0.0001
  Fat rich diet                                115 (88)   8 (11)                      \<0.0001
  Vitamins and micronutrients diet source                                             
  Retinol rich diet source                     99 (76)    18 (26)                     \<0.0001
  Carotene rich diet source                    101 (78)   19 (27)                     \<0.0001
  Folic acid rich diet source                  70 (54)    13 (19)                     \<0.0001
  Vit. B1 rich diet source                     116 (89)   10 (14)                     \<0.0001
  Vit. B2 rich diet source                     85 (65)    16 (23)                     \<0.0001
  Vit. B3 rich diet source                     109 (84)   15 (21)                     \<0.0001
  Vit. B4 rich diet source                     96 (74)    12 (17)                     \<0.0001
  Vit. B6 rich diet source                     99 (76)    16 (23)                     \<0.0001
  Vit. A rich diet source                      103 (79)   14 (20)                     \<0.0001
  Vit. D rich diet source                      75 (58)    9 (13)                      \<0.0001
  Iron rich diet source                        116 (89)   16 (23)                     \<0.0001
  Vit. E rich diet source                      95 (73)    21 (30)                     \<0.0001
  Vit. B12 rich diet source                    46 (35)    8 (11)                      0.0005
  Folic acid rich diet source                  70 (54)    17 (24)                     0.0001
  Calcium rich diet source                     74 (57)    20 (29)                     0.0002
  Magnesium rich diet source                   116 (89)   22 (31)                     \<0.0001

Data are represented as number (percentage). Fisher's exact test was performed for statistical analysis. A *p*\<0.05 is considered as significant. Vit. -- vitamin.

###### 

Comparison of maternal daily consumptions of fresh fruits and juice between groups.

  Variables                                                                                             Group      Comparison between groups   
  ----------------------------------------------------------------------------------------------------- ---------- --------------------------- -----------
  Numbers of women enrolled (sample size; n)                                                            130        70                          *p*-Value
  Calcium and protein rich source (milk products[\*](#tfn7-medscimonit-25-4430){ref-type="table-fn"})   101 (78)   13 (19)                     \<0.0001
  Probiotic rich diet                                                                                   94 (72)    10 (14)                     \<0.0001
  Sodium rich diet                                                                                      108 (83)   12 (17)                     \<0.0001
  Non-veg (fat and protein rich diet)                                                                   117 (90)   13 (19)                     \<0.0001
  Vegetables rich with macro and micronutrient                                                          59 (45)    8 (11)                      \<0.0001
  Fruits (seasonal)                                                                                     88 (68)    19 (27)                     \<0.0001
  Fresh Juice (seasonal)                                                                                103 (79)   9 (13)                      \<0.0001
  [\*](#tfn7-medscimonit-25-4430){ref-type="table-fn"}Cold drinks                                       99 (76)    48 (69)                     0.322

Data are represented as number (percentage). Fisher's exact test was performed for statistical analysis. A *p*\<0.05 is considered as significant.

Available in PR China only.

###### 

Maternal factors predicting the health outcomes for mothers and their children.

  Maternal factor               Coefficient value (beta, Z score)   p-Value                                                       95% CI
  ----------------------------- ----------------------------------- ------------------------------------------------------------- ------------
  BMI (kg/m^2^)                 0.72                                0.001[\*](#tfn9-medscimonit-25-4430){ref-type="table-fn"}     0.42--0.93
  Financial status (salaried)   1.09                                \<0.001[\*](#tfn9-medscimonit-25-4430){ref-type="table-fn"}   1.02--1.23
  Nutrition (kcal)              1.13                                \<0.001[\*](#tfn9-medscimonit-25-4430){ref-type="table-fn"}   1.23--1.81
  Education (in years)          1.23                                \<0.001[\*](#tfn9-medscimonit-25-4430){ref-type="table-fn"}   1.11--1.62
  Age (in years)                0.62                                0.004[\*](#tfn9-medscimonit-25-4430){ref-type="table-fn"}     0.32--0.83
  Smoking                       0.12                                0.08                                                          0.55--0.65
  Former pregnancy              0.13                                0.09                                                          0.54--0.64
  Former miscarriages           0.14                                0.092                                                         0.53--0.63
  Marital status                0.15                                0.093                                                         0.54--0.65
  Ethnicity                     0.16                                0.1                                                           0.57--0.68
  Geographical areas            0.02                                0.95                                                          0.58--0.6
  Children's gender             0.03                                0.99                                                          0.57--0.61
  Nature of delivery            0.05                                0.99                                                          0.57--0.62

A *p*\<0.05 is considered as significant. BMI -- body mass index. Pearson's correlation/regression models.

Significant factor for health outcomes for mothers and their children.
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